ABSTRACT A study was carried out to investigate the effects of a drug-free feeding program on broiler performance and intestinal morphology. Chicks vaccinated against coccidia were randomly assigned to 4 dietary treatments: 1) negative control (NC), basal diet; 2) positive control (PC), diet 1 + Lincomycin; 3) program 1 (PG1); diet 1 + Bio-Mos, Vegpro, MTB-100, Acid Pak 4-Way, and All-Lac XCL; 4) and program 2 (PG2), diet 1 + Bio-Mos and All-Lac XCL, each of which were assigned to 13 pens (48 birds in each of 52 pens). Growth traits (BW, feed intake, yield, mortality, BW gain, and feed conversion rate) were obtained through 49 d. At d 14, 3 chicks per pen were challenged with coccidia. Segments of duodenum, ileum, and ceca were removed to measure intestinal morphology at d 14, 28, 35, and 49. Final BW gain of broilers
INTRODUCTION
Antibiotics have been a common feed additive in poultry rations as a growth promoter to improve performance by reducing the burden of pathogens (Leitner et al., 2001) . Antibiotics can and are frequently used therapeutically and prophylactically for the treatment of disease in poultry. It wasn't until 1946 (Moore et al.) when the first recorded research indicated the positive effects of antibiotics (sulfasuxidine, streptothricin, and streptomycin) on chicken growth. However, there is increasing pressure to reduce or eliminate the use of antibiotics in poultry feed due to the negative human health issue of antibiotic resistance. In 1994, it was shown in Great Britian that vancomycin-resistant enterococci could be isolated from farm animals, and it was suggested that farm animals could be a reservoir for vancomycin-resistant enterococci infection (Bates et al., 1994) .
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on PC (2.736 kg) was numerically higher than those for NC (2.650 kg). Cumulative feed conversion rate at d 49 was improved (P < 0.05) in birds consuming PC and PG2 compared with NC. Overall, mortality was higher for birds consuming the NC (P < 0.05) than the PC, PG1, and PG2 diets. Interaction of dietary treatments with age and age alone were evident (P < 0.0001) for morphology of duodenum, ileum, and ceca. Lamina propria in ceca was thicker (P < 0.008) in broilers consuming the NC than PG1 and PG2 diets. The results of this study indicated that feeding birds without growth promoters resulted in higher mortality and decreased growth performance than did feeding a diet with an antibiotic, and the combination of Bio-Mos and All-Lac XCL helped to reduce negative effects.
tion, and competitive exclusion. Competitive exclusion approach utilizes a mixture of bacteria derived from the gut of healthy chickens or defined beneficial bacteria (e.g., lactic acid bacteria) subsequently administered orally to 1-d-old chicks to establish beneficial gut microflora. This microflora, in turn, prevents colonization by pathogenic microorganisms such as Salmonella and Escherichia coli (Van der Wielen et al., 2002) . Chicks are immunologically naive and prone to rapid and persistent colonization by beneficial and pathogenic bacteria in the gastrointestinal tract during the first 3 to 4 wk posthatch (Barrow et al., 1988) , indicating that competitive exclusion may be a better approach compared with vaccination . Although vaccination can be effective, the optimum vaccination time for control of bacteria (Salmonella enteritidis) is at 28 d of age (Holt et al., 1999) . Probiotics have been defined as "live microbial feed supplements that beneficially affect the host animal by improving its intestinal microbial balance" (Fuller, 1989) . A number of researchers have reported that addition of probiotics to the diets of broilers and layers leads to improved performance (Jernigan et al., 1985; Barrow, 1992; Jin et al., 1998) . All-Lac XCL, a commercial product containing beneficial lactic acid bacteria (Lactobacilli, Enterococcus, and Pediococcus), has been sprayed posthatch commercially to help develop beneficial microflora in the gut of broilers.
Prebiotics, a group of specific oligacaccharide, can bind with fimbria of pathogenic gram-negative bacteria, such as E. coli and Salmonella. These bacteria grow to express the type 1 fimbria and adhere efficiently to the crop epithelium, lamina propria, and apical surfaces of intestinal villi. Adhesion was inhibited by feeding an α-methyl-Dmannoside (Edelman et al., 2003) . Mannan oligosaccharides (MOS), derived from yeast cell wall, are nondigestible by monogastric animals. Mannan oligosaccharides also bind the fimbria of pathogenic bacteria to prevent them from attaching to and colonizing on the mucosa of the small intestine mucosa (Ofek et al., 1977) . Adhered bacteria are subsequently washed out of the small intestine with the flow of intestinal contents. Diets supplemented with MOS affect a chicken's intestinal microflora and reduce susceptibility to S. enteritidis colonization (Fernandez et al., 2002) . Dietary Bio-Mos (commercial MOS) improves the BW and BW gains of poults, especially those challenged with E. coli (Fairchild et al., 2001) . Ideally, poultry treated with competitive exclusion cultures would have decreased pathogenic bacteria loads in their intestines and subsequently increased villus height and decreased LP thickness.
Enzymes added to the diet are to increase digestibility of feed ingredients and, thus, enhance growth. Additionally, the use of more digestible feedstuffs reduces the risk of increased intestinal viscosity associated with products containing high nonstarch polysaccharides decreasing feed passage through the gastrointestinal tract (Preston et al. 2001 ) and subsequently decreasing pathogenic bacteria. Dietary addition of Vegpro, a commercial enzyme, improved broiler performances in energy utilization, protein digestibility, live weight gain, and feed conversion (Schutte and Pereira, 1998) . Due to possible contamination of corn by mycotoxins, it was necessary to add mycotoxin binders to the feed. MTB-100 is a commercial product of esterified glucomannan, which can bind and detoxify mycotoxin. Raju and Devegowda (2000) reported significant improvements in BW and feed intake in broilers fed mycotoxin-contaminated diets supplemented with MTB-100.
Organic acids, which can suppress pathogenic bacteria in the intestine by providing an unfavorable acidic environment for them (Eklund, 1985) , could be favorable to beneficial bacteria. Decreased Campylobacter in the ceca is observed when broilers are administrated organic acids by water (Chaveerach et al., 2004) , indicating a possible role in reducing pathogenic bacteria in the gut of poultry.
Although all of the aforementioned products have been observed to improve performance of poultry by the ma-2 From Schering-Plough Animal Health, Union, NJ. nipulation of the microflora present in the gut, the combination of such products has not been used to evaluate possible additive or synergistic affects on bird performance. The objective of the present trial was to explore the possibility of spraying All-Lac XCL associated with Bio-Mos and other feed additives in broiler feed as an alternative drug-free approach to antibiotics. The effects of Bio-Mos, All-Lac XCL, Acid Pak 4-Way, MTB-100, and Vegpro on improving broiler BW gain, feed efficiency, and intestinal morphology were determined.
MATERIALS AND METHODS

Birds and Diets
A total of 2,496 Cobb 500 straight-run broiler chicks were sprayed with Coccivac-B 2 vaccine against coccidia at the hatchery. Additionally, half of the chicks (n = 1,248 birds) were sprayed with All-Lac XCL 3 (a probiotic containing Lactobacillus, Enterococcus, and Pediococcus for establishing beneficial gut microflora) at the hatchery (5 g/ 2,000 birds) by mixing it with the coccidia vaccine solution. After chicks were transported to the Virginia Tech Turkey Research Farm, they were randomly divided into 52 floor pens prepared with clean pine shavings (n = 26 pens for birds treated with All-Lac XCL; 48 birds/pen) and a stocking density of 14.4 chicks /m 2 at d 0. Flocks were assigned 1 of 4 dietary treatments with each treatment being replicated 13 times. The 4 dietary treatments consisted of 1) negative control (NC), only basal diet without growth promoter or coccidiostats; 2) positive control (PC), basal diet + Lincomycin 4 (2 g/ton starter and 4 g/ ton grower), lincomycin was removed from feed after d 29 according to commercial procedures; 3) program 1 (PG1), basal diet + Acid Pak 4-Way (0.5 g/L of water every day for the first 5 d, then 0.5 g/L of water for only 1 d every week until processing), VegPro (0.91 kg/ton), MTB-100 (0.45 kg/ton), Bio-Mos (1.81 kg/ton starter, 0.91 kg/ton grower, 0.45 kg/ton finisher and withdrawal), and All-Lac XCL at hatchery; and 4) program 2 (PG2), basal diet + Bio-Mos (same inclusion as PG1) and AllLac XCL (at hatchery). Bio-Mos, a prebiotic of mannan oligosaccharide, was added in feed to bind pathogen bacteria so as to encourage growth of gut beneficial bacteria. VegPro, a vegetable protein enzyme, was added to increase the digestibility of feed to allow more to the host and less to bacteria. Acid Pak 4-Way, a combination of organic acids (citric acid and sorbic acids), beneficial bacteria (Lactobacillus and Streptococcus), and electrolytes (Na ), was added in water to inhibit growth of pathogenic bacteria and promote beneficial bacteria. MTB-100, an anti-mycotoxcin, was added in feed to remove possible presence of mycotoxins. Four phases of feeding (starter, grower, finisher, and withdrawal) were used during the trial with feed changes occurring on d 14, 28, and 35. The basal diets consisted of mainly corn, soybean meal, bakery meal, and animal protein and had nutrient levels similar to those used in commercial operations ( in the NC and PC groups were fed the same basal diets until the end of trial. All feed was in mash form and fed ad libitum along with water (via nipple drinkers). The pH value in water containing dissolved Acid Pak 4-Way was measured with a pH meter. 5 The pH of Acid Pak 4-Way water was 3.2, whereas the pH of tap water was 7.4.
Performance Record
Feed consumption and average BW were obtained by pen on d 0, 14, 28, 35, and 49. Mortality, house temperature, and humidity were recorded daily. At d 41 (females) and d 48 (males) 4 birds per pen (total n = 52 per treatment per sampling) were randomly selected, banded, weighed, and put in separate pens without feed. Ten hours later, they were moved to the processing room at Virginia Tech Turkey Research Farm, where they were weighed, stunned, and killed. After 3 min suspension for bleeding, birds were scalded, defeathered, and eviscerated, and their necks and feet were removed. Resulting warm car-5 Accunet AB15 pH meter, Fisher Scientific, NH.
casses were weighed and then chilled in ice water. Four hours later, the cold carcasses were weighed, and the abdominal fat pad was removed. Wings, thighs, drums, tenders, and fillets were dissected on stationary deboning cones and individually weighed. Processed product percentage was calculated in relation to cold carcass weight. An estimate of total live weight gain per 100 birds started at d 0 was calculated based on the following equation: total live weight gain = average BW gain × livability × 100 at d 49. The gross income per 100 initial chicks was calculated based on gross income = (live bird weight price per pound × average live weight × 100 birds × livability) − feed cost.
Coccidia Challenge
Three birds per pen were randomly selected, weighed, and banded on d 14. Those from replicates in the same dietary treatment were combined into one pen in a separate building and given a mixed coccidia challenge (4 × 10 4 Eimeria acervulina, 2 × 10 4 Eimeria maxima, and 1.5 × 10 Means within a column without common superscript are significantly different (P < 0.05).
1
Basal diet (no growth promoter or coccidiostat).
2
Basal diet with lincomycin.
3
Basal diet with Bio-Mos associated with All-Lac XCL, Vegpro, MTB-100, and Acid Pak 4-Way.
4
Basal diet with Bio-Mos associated with All-Lac XCL.
BW and lesion scores (scale from 1 to 4 where 4 = most severe; Johson and Reid, 1970) of duodenum, ileum, and ceca were made.
Intestinal Morphology
After birds were weighed on d 14, 28, 35, and 49, one bird per pen was randomly euthanized by cervical dislocation. Four-centimeter segments of duodenum (from the top of one side loop to distal), ileum (from Mickel diverticulum to distal), and ceca (from ileocecal junction to distal) were removed, rinsed, cut into 5 equal pieces, and placed into buffered formalin until further processing. For each sampling, 10 of the 13 tissues were cut into 5-mm sections and put into tissue cassettes. The tissues were processed, embedded in paraffin, and subsequently cut and placed onto slides with 5-µm thickness. The tissues were stained with 0.02% toluidine blue for light microscope measurement of villus height and crypt depth in duodenum (magnification 20×) and ileum (magnification 40×) and cecal lamina propria (magnification 100x). Villus height was measured from the tip of a vilus to the crypt top line, whereas crypt depth was determined from the line to crypt bottom. Lamina propria was measured from the basement membrane to the muscularis mucosa. Three of the 5 pieces on each slide were measured with 4 measurements per piece (n = 12 measurements/bird; 10 birds/ treatment). Pictures of villus height, crypt depth, and cecal lamina propria were obtained with a camera 6 with measurements made using the software of SigmaScan Pro 5. 
Statistics Analysis
Most data were analyzed by the mixed procedure of SAS 8 for a random complete block design with row location of pens as block to minimize the influence of ventilation differences on performance; pen was the experimental unit. The statistic model is y ij = µ + α i + β j + ε ij , where y ij = observed dependent variable, µ = grand mean, α i = ith dietary treatment effect, β j = jth random block effect, and ε ij = error for treatment i of block j ∼ N (0, σ ε ). When the main effect was significant (P < 0.05), means were compared by paired t-tests. Processing yield percentage data were transformed with arcsine (square root of percent) prior to analysis. Mortality was evaluated by using FREQ procedure of SAS to compare pairs between 2 dietary treatments within each period. Data of villus height, crypt depth, and cecal lamina propria were analyzed by using mixed procedure of a two-factorial arrangement model as y ijk = µ + α i + β j + (αβ) ij + ε ijk , where y ijk = observed dependent variable, µ = grand mean, α i = days of age treatment effect for level A i , β j = dietary treatment effect for level B j , (αβ) ij = interactions between levels Ai and Bj, and ε ijk = error for kth replicate of (A i ,B j ) ∼ N (0, σ ε ).
RESULTS
Growth Performance
Cumulative feed conversion rate at 35 d was numerically higher for NC (1.76) than PG2 (1.73) broilers (Table  2) . At d 49, cumulative feed conversion rate was improved in PC and PG2 broilers (P < 0.05) compared with NC broilers (2.00 vs. 1.96, 1.95).
Overall, broilers consuming the NC diet had higher (P < 0.05) overall mortality (12.0%) than the PG1 (4.6%), PG2 (6.7 %), and PC (7.6 %) groups with most of the mortality occurring from d 0 to 28 (Table 3) . Mortality in the PG1 group was also lower (P < 0.05) than in the PC group. Broilers fed the PG1 diet had lower (P < 0.05) mortality than those from the NC group from d 0 to 14 and d 15 to 28. From d 0 to 14, fewer broilers died when consuming the PG1 diet (P < 0.05) than those consuming the PG2 diet (1.3 vs. 3.0%). Mortality from 15 to 28 d in PC (3.1%) and PG2 (2.5%) groups was also (P < 0.05) reduced when compared with those fed the NC (7.6%) diet.
Product yields of wing, fat pad, tender, thigh, drum, fillet, and sum of all products for females at d 42 and males at d 49 were not affected by dietary treatments Means within a column without common superscript are significantly different (P < 0.05).
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during the trial (data not shown). During the challenge study, lesion scores of challenged broilers were not affected by different dietary treatments (data not shown), whereas BW gain of PG2 broilers was higher (P < 0.05) than for NC broilers (0.27 vs. 0.23 kg).
Intestinal Morphology
There was a significant (P = 0.02) interaction of days of age by diets for duodenum villus height (Table 4) , which increased from d 14 to 35 and then decreased in all treatments except PG2, which remained the same from d 36 to 49 ( Figure 1A ). Especially at d 49, villus height in PG2 birds was (P < 0.01) longer (2.39 mm) than in NC, PC, or PG1 (1.97, 1.96, or 2.05 mm, respectively). Although values were similar among diets, age influenced (P < 0.001) duodenum villus height, crypt depth, and the ratio of villus height to crypt depth (V/C).
In the ileum, the interaction of days of age by diet (P < 0.01) was present for villus height, crypt depth, and V/C. Developmental patterns in regard to ileum villus height increased to a plateau at d 35 and decreased afterward, except for an increase in the PG2 broilers and a plateau in PG1 broilers ( Figure 1B) . At d 49, villus height in PG2 fed broilers was longer (1.24 mm; P < 0.05) than that for NC, PC, and PG1 broilers (1.00, 0.92, and 1.11 mm, respectively), whereas that of PG1 was greater (P < 0.003) than PC; crypt depth in PG2 was deeper (P < 0.003) than in NC, PC, and PG1 (0.123 vs. 0.082, 0.075, and 0.090 mm, respectively; Figure 1C) ; At d 35, the V/C in birds fed PG2 was greater (P < 0.02) than in NC birds (10.94 vs. 8.95), whereas those consuming PC (9.98) and PG1 (10.59) were numerically improved. At d 49, the V /C in PG2 was smaller (P < 0.006) than in NC, PC, and PG1 (10.17 vs. 12.68, 12.67, and 12.57) ( Figure 1D ).
In ceca, days of age had an effect (P < 0.0001) on the thickness of lamina propria (Table 4) . Cecal lamina propria (LP) thickness was increased (P < 0.003) through 4 periods (16.9, 20.6, 23.7, and 26.5 µm at d 14, 28, 35, and 49, respectively) . Dietary treatment also (P < 0.02) influenced the thickness of cecal LP. Cecal LP thickness Basal diet with Bio-Mos associated with All-Lac XCL, Vegpro, MTB-100, and Acid Pak 4-Way.
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in PG1 and PG2 birds was (P < 0.008) lower compared with NC birds (20.9 and 21.3 vs. 23.5 µm, respectively).
DISCUSSION
Growth and performance in terms of livability and feed conversion rate were superior for PC, PG1, and PG2 compared with NC birds. Although no significant dietary effects were observed, there was a trend with cumulative daily BW gain of PC birds (Table 5) (Table 6 ). The growth responses to antibiotics were similar to those reported by Dafwang et al. (1984) , although the difference was not as dramatic. This narrowing of response might have been due to genetic differences in the host as well as development of resistance to antibiotics by bacteria, differences in dietary nutrient levels, and different experimental conditions. Based on previous research by Stutz and Lawton (1984) , the improvement in feed conversion rate might have resulted from improved gut health (reduced Clostridium perfringens counts). The result of a numerical reduction in cecal LP thickness in PC birds provides an indirect indication of reduced pathogen infection in the ceca (Tellez et al., 1994) . They reported a positive relationship between pathogen infection and cecal LP thickness. During a pathogenic bacteria infection, lymphocytes will accumulate to kill the pathogens and cause inflammation, which in turn increases LP thickness.
The PG2 birds were treated with All-Lac XCL at the hatchery and supplemented with Bio-Mos in the feed. Growth and performance in regard to livability and feed conversion rate in PG2 birds was greater than in NC birds. Cumulative daily BW gain of NC birds at d 28 and 35 was numerically lower than in those of PG2 birds. AllLac XCL is a mixture of beneficial lactic acid bacteria (Lactobacillus, Enterococcus, and Pediococcus), and in vitro lactobacilli efficiently inhibit adhesion of E. coli and Salmonella on the chicken intestinal wall (Jin et al., 1996) , thus reducing the pathogen load in the gut. Van der Wielen and coworkers (2002) reported an inhibition of growth of S. enterica in vitro by a mix culture of Lactobacillus crispatus and Clostridium lactatifermentans. Cecal LP thickness in PG2 birds was thinner than in NC birds, suggesting lower pathogenic bacterial load in ceca in PG2 birds. In addition, pathogenic bacteria in the intestinal tract are bound by Bio-Mos (Ofek et al., 1977) and are subsequently washed out of the intestine with other nondigested feedstuffs. Both may have improved gut health of birds fed PG2 and contributed to reduced mortality and increased performance without the use of antibiotics when compared with the NC group. In contrast, supplementing with Bio-Mos alone had no effect on broiler performance (weight gain, feed efficiency, and nutrient utilization) or immune response to infectious bronchitis, infectious bursal disease, and Newcastle disease vaccines (Shafey et. al. 2001) indicating the action of Bio-Mos may be gut specific or that there was not sufficient challenge in that study for Bio-Mos to show a benefit.
In addition to All-Lac XCL and Bio-Mos (PG2 treatment), PG1 birds were also supplemented with Vegpro, MTB-100, and Acid Pak 4-Way. Livability of PG1 birds was greatest compared with the other 3 dietary treatments, suggesting a positive effect of this combination of products. Because there were no additional treatments to evaluate different combinations of products, it is not possible to determine at this time if similar results could be achieved. Like PG2 birds, PG1 birds had thinner cecal LP than NC birds, suggesting a lower bacteria load in the ceca of PG1 birds. From 15 to 29 d of age (peak mortality), mortality was evaluated by avian veterinarians at the Virginia/Maryland Regional Vet School and was determined to be the result of necrotic enteritis by C. perfringens. Wet litter resulting from acute reaction to coccidia vaccine might have initiated disease outbreak. Higher mortality also resulted from no medicine being used after the disease emergence because the objective of this study was a drug-free trial. When broilers were affected by C. perfringens, PG1 had best livability, suggesting protection. However, growth and performance as measured by BW gain and feed conversion rate in PG1 broilers were similar compared with NC broilers but were not as good as PG2 broilers, suggesting a possible adverse effect of these additives. However, the higher stocking density of the PG1 group might have had a negative effect on performance compared to PG2 as indicated by the numerical reduction in BW gain for PG1 birds. The rela- tive stocking densities at d 49 in PG1 group were 11, 5, and 5% higher than for the NC, PC, and PG2 feeding programs, respectively. Feddes et al. (2002) reported a positive affect of reduced stocking density on BW gain. Although organic acids suppress bacteria growth (Eklund, 1985) , some pathogenic bacteria can adapt to an acidic environment and become more virulent (Humphrey et al. 1996) . Humphrey and coworkers also observed that certain isolates of S. enteritidis with enhanced acid tolerance were demonstrated to be more virulent in mice and more invasive in chickens. It is necessary to clarify if acids of Acid Pak 4-Way have a negative impact on performance in PG1 birds under certain conditions. Product yields were not affected by dietary treatments, and the results were consistent with those of Feddes et al. (2002) who reported no effect of stocking density on mortality, breast yield, or carcass grading when raised under optimal conditions. In contrast, Kalavathy et al. (2003) reported that birds fed lactobacilli had reduced abdominal fat deposition after 28 d of age.
The lesion scores of challenge birds were similar among dietary treatments, suggesting that the coccidia vaccine provided adequate protection from the infection of mixed Eimeria challenge. The cecal LP thickness in NC group was thicker compared with other dietary treatments, which suggested the presence of greater pathogen activity in the ceca of nontreated birds. It is suspected that addition of antibiotics, probiotics, or prebiotics may be efficient at reducing the pathogen load. The weight gain of PG2 birds was greater than for NC birds.
Interactions between age and diets for duodenum and ileum villus height, ileal crypt depth, and ileal V/C were significant. Iji et al. (2001) reported that villus height of birds fed from d 1 to 21 increased in the duodenum, jejunum, and ileum with age, whereas crypt depth increased in the duodenum and jejunum. Samanya and Yamauch (2002) reported that villus height in the duodenum and ileum significantly increased in 28-d-old chicks fed Bacillus subtilis. Significant effects of diet on villus height were seldom observed in this trial with the exception of the PG2 group, which on d 49 had longer duodenum and ileum villus than NC group. Crypt depth increased with age, with the exception of the decrease in PG1 at d 28 and PG2 at d 49. Significantly shorter crypt depth existed in PG2 at d 49. Yasar and Forbes (1999) observed that chickens fed wet diets had increased villus height and lower depth of crypts in the duodenum, jejunum, ileum, ceca, and colon than those fed dry diets, indicating the effect of feed form on intestinal morphology. Tarachai and Yamauchi (2000) observed that 5 d of withdrawal from feed in 142-d-old Leghorn chickens reduced villus height in the duodenum, whereas a 3-d withdrawal then refeeding for 2 d restored villus height. These results suggest that short-term dietary effect on villus morphology is fast and easily recovered. The following 2 cited reports suggest differences in macronutri- Basal diet with Bio-Mos associated with All-Lac XCL, Vegpro, MTB-100, and Acid Pak 4-Way.
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ent levels will affect gut structure development. A report from Yamauchi et al. (1993) indicated the villus is larger in broilers fed high protein and low energy diets compared with broilers fed low protein and high energy diets. It has also been reported that chicks fed crystalline amino acid diet from 7 to 21 d of age have depressed jejunal villus and crypt depth compared with corn-soybean meal (Batal and Parsons, 2002) . Iji et al. (2001) reported micronutrients also influenced the morphology of intestines. They observed an increased jejunal villus height in broilers at 28 d of age fed 5 g Bio-Mos/kg from 7 to 28 d, while villus surface area and crypt depth in jejunum and ileum and villus height in ileum were not affected. In the present study, at d 49, significant effects of dietary treatment on intestine morphology were observed, possibly indicating effects of micronutrient factors on intestinal morphology easily observed in this long-term trial. In summary, age plays an important role in changes in intestinal morphology, whereas micronutrients may have an effect on intestinal structure development after 35 d of age. An estimate of total live weight gain/100 birds started at d 0 was calculated (average BW × livability × 100 at end of trial), and there was an increase (P < 0.05) for PG1 (259.79 kg), PG2 (256.87 kg), and PC (256.96 kg) compared with the NC group (237.47 kg). The gross income (birds sold as $1.18/kg − feed cost as $143.83, $144.17, $155.12, and $146.92/ton, respectively) per 100 initial chicks was estimated as $145.27, $155.28, $153.91, and $156.44 for NC, PC, PG1, PG2, respectively. Based on the results, NC broilers had the lowest live weight gain and gross income when compared with other dietary treatments. Broilers fed PG1 had the greatest live weight gain, whereas PG2 had the numerically highest gross income due to the decrease in feed cost. Based on the data observed in the present study, Bio-Mos in combination with All-Lac XCL can be an efficient feeding program to overcome the negative impacts of utilizing drug-free diets.
Overall, there is little doubt that feeding broilers a drugfree diet can impair livability, BW gain, and cumulative feed conversion rate. From our data to 49 d, there was about a 22.5 kg or 9.5% weight improvement per 100 birds started when feeding the PG1 than the NC diet and a 3.0 kg or 1.2% improvement compared with PC birds.
Cecal LP thickness indirectly demonstrates a protective capacity from disease by feeding PG1 or PG2 diets. There was no affect on carcass yields, but the improvement in livability improved total marketable product and increased gross income. Based on the data obtained in this trial, PG1 or PG2 seem to be appropriate programs for feeding a drug-free feed to broilers. Additional research is necessary to identify changes in intestinal protein and RNA, nutrition absorption, and microflora with addition of multiple feed additives to further enhance performance without antibiotics. In addition, the negative effects of using the PG1 program observed after 28 d needs to be evaluated to determine whether or not it was simply a result of increased stocking density, increased nutrient transfer to lower gut due to lack of adjustment of diet with enzyme, or interactions between the products used.
